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BT ARKT, 12 mm i, PUE /MRS R 5
JE RS (IR ARAEL ), EHELRFLTE R pH
497, SR (EC) 590 pSlem, THEHEAHLIK (SOC)
TN 9.82 okg, AWE (TP) ML (IN) S84
A 0.78 F10.76 ghkg, A %W (AP) & ik 34.71
mg/kg, HRHH (AK) 528 116.99 mgkg.

I B P B e AR Wik (MeBC ) il £ 7 ¥ 4
T FREU—5E s/ EREFF O S 3k (SX2,
), FEN, (250 L/h) SEF, S =R

Jn#E] 600°C (10°C /min ). 7E fiz 2 IR T K A% FF
PR 2 h, HIREEE NS 20 R R i A ot A 9 i
(BC)o K il & 4 1) A= 9 e i SR 20, 3 2 mm B
J5 % FH . A# 1 0.5 mol/L MeCL, %5 Wi 15 BC ( [H ¥
Ft=1:20), 3/ 0.1 mol/L HCI & 0.1 mol/L. NaOH
VWR IR AW pH N 8. KR AW T 85 CHE 5%
48 h JE kg, 7E 105°C LT, EIFS5] MeBC. ¥
MeBC WFESIR A5 2 mm i, T a2 H,
MgBC HYFEAE T 1,

R EHEEMRKEERELER

W C (%) N (%) P(%)

K (%)

pH EC ( uS/em ) Sy (m/g)

MgBC 54.55 0.55 1.29

7.59 801.75 292.21

TE: Sper PR BMABHER R

1.2 Rt

ZHk R I T 20184 10 A 11 H £ 20194 6
A 8 H7E [ Al B2 B M % N 3 A7, i 5 i
B AAAEE, XTHE (CK, ANHtifgie Ay me ) ik
PHOPAREBEAL (P) AbFH . PR 19 BE R A Mk
(MgBC ) Ab B AN AL AC it 19% MgBC ( P+MgBC ) Ab
M, B AaRES, BEHLHES . 558 I T
5 kg W15 MeBC RS2 AT I SRk 2
( EHERA 215 em, KA 17 em, (521 em), 45
AP AR IR Y S i A, ABEER IR & (ke/
hm®) A N-P,05-K,0=210-180-90, H:rp#ife . #f
HE LA K 50% 1 R NEAE R SE ARG, 4y 50% HAE
TEIR T I EENEE . AL AR KRR . IR
TEN RS N AR 30 R, R E
T 20tk BEi/NEE RO R ZE 7698, /INEE AN
BWEREBEK, 4R K7 K H [ HRK 2 Y
60% /it 201946 H 8 H/NFE W k)E, ¥ah
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i, FOTRAIFEBR R BAFEARS N 24, —&B
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FHTIE 3980 E i S Bs e o LR AT AR
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FR S INE
1.3 e H Sk
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FE; ECHOK 5 1 IRA G SR ; SOC
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BRI R B (PAC, %) = + 5 508k
EE RS x 100

T HEWERR G (Pho ) MR HI DG IMAL AR 4G
D20 2 o 127 1 1 it 22 i P s Y IS A B K i
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7- & H -4- B EF T K (7-amino—4-methylcou—
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.
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B i 7/ PO
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ZH x02 (mL) x BfE (h) x F3ETE (g)]
L4 Hdlgeit

IR HE R SPSS 23.0 #F47 7 25 . MM A
Bro FIH] Excel 2019 #E47 B R 23, 22 8 LU AHI
LSD ;A2 H Pearson AUMIKGLS

2 HBREH

2.0 IR AW R AR TR
AP 1a. b oAl L, BEBAAE 088 Bk A W 7% 1



rRE SRR 2022 (3)

A, AP FITP & 8 CK AbFE I I/, P+MgBC  H1190.6%. P Fl P+MgBC 4k Fil Y PAC %5 CK 4b B 15
b FE TP 55 4 CK AP AL B 43 5] S 25 384 i 18.9% W n (18 1e ), T CK AbHRS MgBC AFEAY PAC
115.8% (P<0.05), M5 MgBC 2b¥E 22 A% TR FZM (P>0.05), T 5 AP, TP % &l PAC
(P>0.05). 5 CKALHELA L, P, MgBC J P+MgBC 414 P+MgBC AbH i .

SEPE AP F R WER N, AN 41.7% . 19.3%

P: F=2.64, P=0.130 P: F=82.79, P<0.001 P: F=49.37, P<0.001
MgBC:  F=14.03, P=0.003 MgBC:  F=29.93, P<0.001 MgBC:  F=528, P=0.040
(a) PxMgBC: F=0.89, P=0.363 (b) PxMgBC: F=5.52, P=0.363 (¢) PxMgBC: F=0.93, P=0.353
1.or b a 100 107
b ~ K3
08 b 2 - gl
on 3
E E &
— 0.6+ =~ 5 o
# % =
< = it
0.4 & W% 4
B o M
- % 2
02t 5 B oot
_H
0.0 0 0
CK P MgBC P+MgBC CK P MgBC P+MgBC MgBC P+MgBC

b2 b2

E1 AELSELESEE. EUBSERBETELRY
e ARVNG FRFORARFAL L 225 5% (P<0.05 ),

AR Ty 2250 Hr R, MR IE B E5m T+ B ERn, 43BN 1.88 F1 1.95 AL (pH) |
HE AP S PAC, ¥RIN MgBC BERN T+ AP 72% F111.1% (EC) . 1042% F1112.1% (SOC ). P,
i, M HIE AP, TP &M PAC A2 " F A HAE  MgBC Hl P+MgBC 4b 3 ) + 1€ MBP & 848 CK 4b 3

FHBYFZE . P FEHM (P<0.05), 23 PALBEEZEF AR
22 IEWEAAERI RN N R AR P AL AL BE Pho 15 P24 .35 5 T CK AL B, o

M2 0, 5 CKACBRAHLL, PACFE+HIE pH, P, MgBC Fl P+MgBC AbFf G M4 CK Ab 45|14
EC F1SOC &8I &84k, i MgBC 1 P+MgBC 4 JIT 33.9%. 18.9% #1 53.4%,

#2 HBAMELIEEpH, EC. SOC. Pho B MPB & &

Ab B pH EC ( pS/m) SOC (g/kg) MBP ( mg/kg ) Pho [ nmol/ (h + g)]

CK 5.08 +0.12b 649.57 + 15.12b 15.64 +2.29h 11.08 +0.83b 488.09 = 31.23d

P 5.11=0.17b 634.82 = 20.02b 14.25 + 0.89h 14.01 +0.73a 650.61 = 74.84b

MgBC 6.96 +0.28a 696.21 + 35.18a 31.94£0.71a 14.00 + 0.47a 580.55 + 30.44c

P+MgBC 7.03 = 0.42a 721.51 + 12.52a 33.18 £ 1.05a 1425+ 1.03a 748.54 + 23.75a
P ns ns ns Hok Hoksk
MgBC sokok sokok sokok *ok ok
P x MgBC ns ns o o ns

W Bl oM YE « PR dEdR 22, AFE/NE FARE RS FE A BN 22 5 B3 (P<0.05), ##x  x flns 43 5l R P<0.001, P<0.01,
P<0.05 FIANEE S, 3% 4 [,

MR ZE 2200 R, MBI EEm T+ (P<0.05) (F£3), i85 11 AP B¢ R 505
Pho BTG PEAT MBP B & i, BIN MgBC BE52m T+ 5128 Pho (0.837) >MBP (0.596) >SOC (0.501), iX
B pH, EC. SOC. MBP iy & i il Pho HUWG P, H MW FE—&fEEE 13RW], +3 Pho. MBP H1 SOC AN
FACHAER A0 T SOC Fl MBP 1 . P T AP R H 4 AP 5 SOC, Pho Al

A EAE > M 2 W], 13 AP 5 Pho MIMBP &t MBP 3 PMEARI L B FASE, BARKSehrxf +15
W @ IE A 5C (P<0.01), 5SOC 2 BFHEMK AP &M ST E— L IRA T .
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®3 TEAMESTEEAER. MEDERIEXES T

€It AP pH EC SoC Pho MBP
AP 1
pH 0.490 1
EC 0.446 0.819” 1
socC 0.501" 0.960" 0.839” 1
Pho 0.837" 0.473 0.327 0.455 1
MBP 0.596" 0.569 0.388 0.489 1.000” 1

TE: = FIRTE 0.01 P BB ERDC, * FIRTE 0.05 KV REMIC. £ 5.

B [ /0T 5 AP SR8 FRAIY LR
+ 4 AP 5 SOC. Pho F1 MBP #k 47 1& 4 1] 9 43 #r,
Al 45 95 . y=—16.455+0.119x (R’=0.701), H
4 Pho, y iy +3E AP, K] +HE Pho ih PERY IS INA
FIF 35 AP SR AR
2.3 /INAZ AWt R R R

MgBC FHBENE A AR I T /N A= i . W&
wAABER R (F£4), 5 CKAAHEAHLL, MgBC Fl
P+MgBC &b A FE PR . K700 T 3 25 0 2 88 m, 43
] 18 i 39.5% 1 14.5% (MgBC) | 75.1% #127.1%
(P+MgBC ), 2 AbFRAE PR . b % fe 28 AL A —

#, 5 CKACHAA, P+MgBC AL FRAE MR . KRR
T R, Ay AN 23.1% M 22.9%. 5 P 4b
FRAEL, P+MgBC AbBEAF #R . FPRIE & o i
A 18.5% . 18.5%, i P+MgBC 5 MgBC 4t B |f]
T E S N R W A AR L R
AEARL, P Ah BEOFF AL I A i 55 CK AR PG I 35 22 53
(P>0.05), P+MgBC bR RS EHE P, MgBC
Sb B350 S AN 65.8% . 40.6%, AR T Wi R
S ERN 45.2% . 18.7%., MRk T H . ¥k T
0 MRS FPRIEE S . AEPRBEIR I R R
LIS DL P+MgBC Ab P i

F4 AEEINEEYENMRBEEH N

- HbT kR e I
(g %) (g %) bk (g/ke) kL (glkg) Hikk (mg/ %) ¥k (mef 7))
CK 12.42 + 1.84¢ 11.13 £ 0.70¢ 1.04 £ 0.07b 2.92 +0.20b 12.87 £ 1.85d 32.37 + 1.68¢
P 15.48 + 1.97ab 12.01 £ 0.72bc 1.08 + 0.08b 3.03 +0.23b 16.63 + 1.41c 3536 +0.61c
MgBC 17.33 £ 1.56b 13.30 = 1.84ab 1.13 £ 0.02ab 3.24 + 0.14ab 19.62 £ 1.72b 43.24 +7.33b
P+MgBC 21.74 £3.13a 14.14 +0.81a 1.28 +0.12a 3.59 +0.32a 27.58 £ 2.34a 51.33+5.2la
P w4k ns * ns skksk *
MgBC skokok sk ok Hok otk kot
P x MgBC ns ns ns ns * ns

KN ZE T 2250 Hr W, i e JES e =5 S i 1
MLPR T, RERRWE & i RLPR W IR AR MR AR e
WSCiE, AN MgBC . 35520 1 AR T PR T
L RERRBE S R RPRIOE S B AR BRI A A

FERLBEDOIC R, HLPI & A BAE T i 3 5 m 1 A bk
B . AHOCHESHT R, /NE A AP,
pH. EC. SOC K& MBP & i & i # IEH ¢ (P<0.05,
#£5).

x5 INEFESIEENER. BEDERNEXES T
Bzt s AP pH EC soc Pho MBP
it 1
AP 0.549" 1
pH 0.761" 0.490 1
EC 0.696" 0.446 0.819” 1
SOC 0.687 0.501" 0.960" 0.839" 1
Pho 0.457 0.837" 0.473 0.327 0.455 1
MBP 0.505 0.596" 0.569" 0.388 0.489 1.000™ 1
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T 58 Al-P Fl Fe-P 0¥ i, 100 £ 5 R 14k £ 18
R AR P s Y RN R B e i
HilF5 pH 25 5 KA o™ S i 2 L35 &3, 148
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KA e mE g 4y, E Y IR R A 4K
P AR SRR, Bk L M i N B A

ALHE, fe e LIRS, B
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SR T BRLE, M BRI ELE W 5 AT AR 5 1
SERERAMEEVE, fEHE LIRS R L. TR I
WA I L T RR RE RS W Z B, R T
WV FHHE TR m e m e 5 O B A5 i LIRSS
TR L TIAR,  REAS IR B AT B 2R TR K
EIEE N, AR AR A A A A ], R T
T A e ) AT 2 SRR TR 1 5
PEW A R T SRR 17 R PR SR IR A, AR
TIEAE AL, A TREYRARAERK, M
PERL 2 A0 B R 20 G I B B B A W
E B 2 IESE A T 5 AL B F R A L 22 1
R, WD S, (R R T S0 L SRR
P, SR FR A Y R AR IOVE Fl—5, B
— 5T, AL, SRR T A A
BEUR, RS R, DR R N KT
B PRE R R, SRR R R Y R
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Effect of combined application of magnesium modified biochar and phosphorus fertilizer on phosphorus availability
and wheat yield in red soil

WU Hang', ZHENG Qin’, ZHANG Shuai', CHENG Yu-yang', WANG Xiu-bin'" (1. TInstitute of Agricultural Resources
and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081; 2. Beijing Geological Engineering
Design Institute, Beijing 101500 )

Abstract: The effects of combined application of magnesium modified biochar and phosphorus fertilizer on phosphorus
availability and wheat yield in red soil were studied. Four treatments were set up, including control ( CK ), single
application of phosphorus fertilizer (P ), single application of magnesium modified biochar ( MgBC ) and phosphorus
fertilizer combined with magnesium modified biochar ( P+MgBC ). The results showed that the application of magnesium
modified biochar or phosphorus fertilizer alone increased the content of soil available phosphorus ( AP ), and the content of
soil AP in the combined application of magnesium modified biochar and phosphorus fertilizer was significantly higher than that
in the treatment of magnesium modified biochar or phosphorus fertilizer alone. The content of soil AP in P+MgBC treatment
was significantly higher than that in CK, P and MgBC treatments by 90.4%, 34.2% and 59.5%, respectively, and the
content of soil AP was significantly positively correlated with phosphatase ( Pho ) activity, microbial biomass phosphorus
( MBP) and soil organic carbon ( SOC ). Compared with CK treatment, the wheat yield of MgBC and P + MgBC treatments
increased significantly, among which the yield of P+MgBC treatment increased the most, with an average increase of 27.1%,
but the yield of P treatment was not significantly different from CK treatment. The phosphorus content of wheat plants and
grains treated with P+MgBC was significantly higher than that of CK and P treatments, but there was no significant difference
with MgBC treatment. The phosphorus uptake of wheat plants and grains treated with P+MgBC increased significantly
compared with other treatments, with an increase range of 40.6% ~ 114.3% and 18.7% ~ 58.6%, respectively. In
conclusion, compared with single application of phosphorus fertilizer or single application of magnesium modified biochar,
magnesium modified biochar combined with phosphorus fertilizer can not only improve the phosphorus availability of red soil,
but also improve the yield and phosphorus uptake of wheat, which provides a theoretical basis for the efficient utilization of
phosphorus fertilizer in acid soil crop system.

Key words: modified biochar; phosphate fertilizer; acid red soil; phosphorus availability ; wheat yield
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